We detected epidermal Merkel cells in la-week fetuses with monoclonal antibodies (MAb) against simple epithelium keratin and epithelial membrane antigen. In 15-week fetuses these Merkel cells began to descend into the dermis and expressed nerve growth factor receptors (NGF-R). At approximately the same time, cutaneous nerves, as detected with an MAb against neurofdaments, extended from the subcutaneous trunk and branched to form the subepidermal nerve plexus. The expression of NGF-R on dermal Merkel cells preceded their connection with immunoreactive small nerves. Initially, most of these fme nerve endings were directed towards dermal Merkel cells. In 23-week fetuses the
Introduction
The epidermal Merkel cells can be demonstrated by immunohistochemical methods using simple epithelium keratin and epithelial membrane antigen in the 12-week fetus (1J; and manuscript submitted for publication), as well as in those of different ages and in adults (3) . Some of these Merkel cells move into the upper dermis by crossing the basement membrane in the 15-week fetus (2) . Immunoreactive dermal Merkel cells begin to decrease from Fetal Week 20 but remain in the upper dermis at least until 23 weeks (2) . In adult skin, dermal Merkel cells are rarely encountered. The unanswered question is why the epidermal Merkel cells travel to the dermis, eventually to disappear. Previous work (2) from our laboratory established that the epidermal Merkel cells that migrate into the upper dermis are initially free standing but soon become enmeshed with fine unmyelinated nerve endings. We believed that the dermal Merkel cells attract the peripheral nerve plexus, from which some branches reach the epidermal and follicular Merkel cells.
Nerve growth factor (NGF) is a specific neurotrophic factor for peripheral sympathetic neurons and sensory neurons, and is essential for development and maintenance of function of these strut- tures (4) (5) (6) (7) . NGF is synthesized in very small quantities by the corresponding peripheral targets of these neurons (4, 6, 8, 9) . The biological responses produced in the target tissue by NGF include outgrowth of neuronal processes (neurites) (10) . Increased expression of a surface glycoprotein (11) . induction of enzymes such as ornithine decarboxylase (12,13), choline acetyltransferase (14), and acetylcholinesterase (15), and phosphorylation of proteins (16~7). The nerve growth factor receptor (NGFR) is present on the cell membrane ofthe responsive target cells. NGF attaches to this receptor and is internalized (18) (19) (20) (21) (22) .
In the present study we investigated the expression of NGFR on dermal Merkel cells and the development of peripheral nerves surrounding NGFR-positive Merkel cells.
Materials and Methods
Tisue. Fifteen human fttuses were obtained during abortions performed for medical and non-medical indications. Consent forms and collection pncticcs were approved by the Human and Animal Investigation Committee of Wayne State University.
The estimated gestational ages (EGA) as determined from heel-toe length standards (23,24), ranged from 11 to 23 weeks of gestation [I1 weeks, two specimens: 12 wctks (two); 13 weeks (two); 14 weeks (one); 15 weeks (two); 16 weeks (one); 18 weeks (one); 19 weeks (two); 20 weeks (one); 23 weeks (one)]. Two adult tissue specimens were obtained from autopsy materials. A tissue sample from the sole of the foot from each specimen was excised immediately and embedded in OCT compound (Lab-Tek Products; Naperville, IL), snap-frozen in liquid nitrogen, and stored at -70% until use.
Immunohistochemistry. Frozen sections of human fetal and adult plantar skin were immunostained by the avidin-biotin complex (ABC)-peroxidase staining technique (Vectastain kit; Vector Laboratories, Burlingame, CA) and the diaminobenzidine coloration technique (25) . Frozen tissue specimens were cut in a cryostat into 6-pm sections for the demonstration of Merkel cells and 10-pm thick sections for demonstration of the nerves and were fixed in cold acetone for 10 min. The following antibodies were used: Double Immunoenzyme Labeling. Double immunoenzyme staining was carried out with alkaline phosphatase and peroxidase as labels. The sections were first incubated with anti-NGF-R mouse serum for 60 min at room temperature. After washing in Tris-buffered saline (TBS), they were reacted with rabbit immunoglobulin to mouse immunoglobulin (Dako; Santa Barbara, CA) for 30 min. After washing in TBS, they were re-incubated with a soluble complex of alkaline phosphatase and monoclonal mouse antialkaline phosphatase (Dako) (APAAP) for 30 min (28) . Subsequently, the enzyme label was developed with Fast Red (final color rendition, red). Endogeneous alkaline phosphatase activity was inhibited by adding levamisole solution (Vector) to the substrate solution (29, 30) . Afterwards, these sections were immunostained for CAM5.2 using the ABC technique with peroxidase conjugate. The peroxidase activity was visualized by 4-chloro-lnaphthol (final reaction product, blue-black). To preserve the Fast Red coloration due to APAAP the reaction time for chloronaphthol was minimized. For double immunoenzyme staining using MAb neurofilament 70 and 200 KD, the sections were processed using APAAP for CAM5.2 and peroxidase for neurofilament 70 and 200 KD as labels.
In double immunoenzyme staining no counterstain was done to preserve color resolution.
Results
In the plantar skin of 11-week fetuses, immunoreactive NGF-R were localized in the dermis. Mesenchymal cells and the epithelial-mesenchymal interface were focally stained with NGF-R. The epidermis was not labeled by NGF-R. On the other hand, CAM5.2 stained peridermal and basal layers. At this stage CAM5.2-reactive Merkel cells were not differentiated at the single-cell level. In the loose connective tissue of deep dermis, immunoreactive nerve trunks were observed.
In the plantar skin of 12-week fetuses, mesenchymal cells in the upper dermis and the epithelial-mesenchymal interface were diffusely or linearly stained with NGF-R ( Figure la ). Blood vessels were also identified by the lumens and decorated with NGF-R. CAM5.2-reactive Merkel cells were distributed in the basal cells (Figure le) . Only a few immunoreactive small nerves were distributed in the upper dermis (Figure 2a ).
In the plantar skin of 16-week fetuses the selective distribution of NGF-R became apparent. Although the strongest NGFR i"unoreactivity was observed in many mesenchymal cells and cord-like nerve structures in the dermis, moderate staining was also observed just beneath the basal layer ( Figure Ib) . The epidermis already formed eccrine germs. It did not express NGF-R. CAM5.2 definitely decorated epidermal and dermal Merkel cells ( Figure If ). Merkel cells located at the dermo-epidermal interface showed NGF-R reactivity, whereas those located within the epidermis and eccrine germs did not exhibit strong reactivity. Co-localization of CAMS.2 and NGF-R was possible because of their different coloration (Figure 3a) . This finding was confirmed by phase-contrast optics, which showed a bright halo around the cells (Figure 3b ). Approximately 90°/o of dermal Merkel cells and 60% of dermo-epidermal interface Merkel cells expressed NGFR. Immunoreactive small nerves reached the epidermis. Extension of peripheral nerves advanced but they did not show ramifications (Figure 2b ).
In the plantar skin of 20-week fetuses the epidermal basal cells, especially those between eccrine ridges, moderately expressed NGF-R. In contrast, most of the eccrine ridges were not labeled with NGF-R ( Figure IC) . Eccrine ducts and glands were weakly or moderately stained and the mesenchymal cells surrounding eccrine ducts and glands were markedly stained, giving them a coat sleevelike appearance ( Figure IC) . In the upper dermis, especially around the eccrine ridges, the expression of NGF-R showed focal, linear, and cord-like patterns. Blood vessels with lumens were also NGF-R reactive in the dermis. Some cord-like structures with NGF-R reactivity attached to the epidermis. CAM5.2-reactive Merkel cells were clustered in the eccrine ridges ( Figure Ig) . Merkel cells were found in the dermis. Immunoreactive small nerves formed ramifications in the subepidermis and extended into the epidermis (Figure 2c ). Epidermal and dermal Merkel cells were heavily entangled with immunoreactive small nerves ( Figure 4) .
In the adult plantar skin, epidermal basal cells were weakly and sporadically stained for NGF-R ( Figure Id) . Some basal cells of eccrine ridges were weakly stained. Eccrine glands were stained for NGFR but the mesenchymal cells around the glands were not. NGF-R-reactive nerves were distributed in the dermis. NGF-R-reactive mesenchymal (dermal) cells were apparently decreased ( Figure Id) . CAM5.2-reactive Merkel cells were usually located at the base of eccrine ridges (Figure 1h ). No Merkel cells were found in the dermis. Immunoreactive small nerves with immunoreactive neurofilaments were distributed in the dermis but not in the epidermis.
In the dorsal skin of the hand of 20-week fetuses, mesenchymal cells surrounding hair follicles and those of hair papillae expressed . .
NARISAWA, HASHIMOTO, NMEI, PETRUK
NGF-R. Sebaceous gland anlagen, on the other hand, did not express NGF-R.
Discussion
Recently, studies using antibodies against NGF-R have begun to map the distribution of NGF-R-immunoreactive structures in the mammalian brain. Our study is the first report to map the distribution of NGFR immunoreactivity in normal developing human skin. Double staining of Metkel cells using cytokeratin and NGF-R in the present study revealed that NGFR is strongly expressed during human fetal skin development on dermal Merkel cells but less definitely on epidermal Merkel cells. The expression of NGF-R on dermal Merkel cells preceded their coupling with immunoreactive small nerves. Other structures that are eventually innervated, such as blood vessels, epidermal basal layer, and epidermal Merkel cells, were stained for NGFR in various degrees of intensity. These findings suggest that NGFR is required for fetal development, and perhaps maintenance, of peripheral nerves such as subepidermal and vasomotor plexuses.
The biological significance of Merkel cells, especially dermal Merkel cells in human skin, is totally unclear. One explanation is that dermal Merkel cells are only temporarily present in fetal dermis as phylogenic relics, because Merkel cells exist in dermal sensory corpuscles of some lower vertebrates (31) . However, it should be noted that dermal Merkel cells in the human are closely associated with nerves (2, (32) (33) (34) (35) , decrease during later fetal development (2.3), and show slightly different cytological features from epidermal Merkel cells such as lack of polarization of the electron-opaque granules towards the axon (36.37) . Recently, we have demonstrated immunohistochemically that there is a difference of expression of keratin species between epidermal and dermal Merkel cells in human fetal skin (submitted for publication).
In our other study (2) , we reported that in 16-week fetal plantar skin immunoreactive nerve fibers reached the epidermis and intraepidermal nerve fibers gradually increased as the age of the fetus advanced. This development coincided with nerve-Merkel cell coupling in the dermis and formation of nerve plexuses in the upper dermis. In adult plantar skin we could not find immunoreactive intra-epidermal nerve fibers and dermal Merkel cells. The disappearance of dermal Merkel cells expressing NGF-R may at an appropriate time down-regulate the further proliferation of peripheral nerves. The exact time of disappearance of Merkel cells from the dermis has not been determined because of the lack of suitable specimens older than 23 weeks. The presence of Merkel cells in eccrine gland germ cells is not totally explained. However, they may influence the germ cells to express NGF-R to attract developing peripheral nerves to produce the periglandular nerve plexus, although we could not find the Merkel cells in the coiled base of 
